INTRODUCTION
Sexual selection arises from variation in the number of mates among individuals of the same sex (Darwin, 1871) . Female choice contributes to variation in the mating success of males in many organisms (Trivers, 1985) , including some insects (Thornhill and Alcock, 1983) . Female preferences are selected to maximize immediate fecundity (Kirkpatrick, 1985) and may entail choice for males offering nutritional rewards that defray the cost of egg production (e.g., Butlin et a!., 1987; Sakaluk, 1985; Gwynne, et a!., 1984) . Females also may be selected to choose males on the basis of their potential genetic contributions to progeny (Hamilton and Zuk, 1982; Searcy, 1982; Borgia, 1979) . Females possessing and exercising preferences for attractive mates might have more attractive sons than nonchoosy females (Heisler, 1985) .
Additive genetic variation for attractive male traits exists in some insect populations (Hedrick, 1988 and references therein). This genetic variation or correlated genetic variation may be expressed in the competitiveness (Partridge, 1980; Taylor et a!., 1987) and, ultimately, reproductive success of offspring. However, the dual effects of male attrac-* To whom correspondence should be addressed.
tiveness on female fecundity and offspring reproductive success are unknown for any species. The present study examines both the heritability of male mating success and the correlation between male success and female fecundity in the southern green stinkbug, Nezara viridula (L.). Thus, the present study addresses whether or not female choice for genes promoting offspring competitiveness is necessarily at odds with choice for male investment (e.g., Burley, 1988; Weatherhead and Robertson, 1979) .
METHODS
Male copulatory success Southern green stinkbugs, N. viridula, were reared in the laboratory from the eggs of 30 females collected in mid-April (1988) from wild mustard growing in an abandoned pasture in Clito, Georgia (U.S.A.). Forty sets of six virgin females and one virgin male, 10 days old as adults at the initiation of the experiment, were housed in 1-litre mason jars. Copulating pairs were sequested into -litre cartons where the mated female remained for the duration of her life. The mated male was returned to the unmated females remaining in the jar from which he came. Both jars and cartons were supplied with two pole beans which served as both a food and water source. Fresh beans were substituted for old beans every 5 days. Insects were maintained on a 14L: IOD photophase at 20°C and 80 per cent RH. Males and females were placed in jars at random with regard to size. All seven adults housed together had different mothers. This arrangement reduced the potential for inbreeding depression among progeny used in the heritability estimates described below. Since experimental females did not share the same mother, they had been reared in different jars. Thus, any inadvertent environmental influence during development on the willingness of females to mate should have had minimal effect on the number of females a male mated. Since the placement of jars on racks in the environmental chamber was randomized daily and since all jars were supplied identically, variation in the number of females mated was not due to environmental variation.
Male-male competition could not be expressed in the present experiment. Therefore, differences among males in the number of females mated may be ascribed to variation in the attractiveness and staying power or general vigour of males. Copulatory success of a male is measured as the number of females mated within 30 days after the initiation of the experiment. Males copulating with all six females within 30 days were supplied with a seventh female. However, none of the males mated a seventh time. In addition to the number of females copulated, the size of each male was also determined. Here, male size refers to the width across the pronotum at the level of the lateral angles. Width was measured with an ocular micrometer to the nearest 0125 mm. Measurements were made after the experiment had concluded.
Heritability of male success
The heritability of male copulatory success was assessed by the father/son regression on the number of females mated (Falconer, 1981) . Sons were provided with the same environment as their fathers and afforded the same opportunity to mate six females. As with fathers, none of the sons mated a seventh female within the 30 days allotted for courtship and mating although several sons did mate with all six of the initially provided females.
For each father, one son was randomly selected from 15 progeny (reared as described above) derived from the first egg mass of the first female mated. Forty father/son pairs were tested.
Male copulatory success could be inherited nongenetically as a consequence of nutrient transfer from male to female during copulation which impacts egg size or quality. Larger eggs might give rise to larger more competitive progeny (e.g., Johnson, 1982) . Therefore, the percentage of eggs hatching and egg diameter were determined as, respectively, indices of egg quality and size. Egg diameter was measured with an ocular micrometer (1 unit=001 mm) at the widest point across the operculum, after hatching. Five eggs from the first egg mass laid by the first female mated were measured, two from the middle of one of the outer egg rows, two from the middle of the innermost egg row, and one positioned between the other two sets.
Variation in male reproductive success can derive from the fecundity of females mated as well as the number mated (Wade and Arnold, 1980) . Relatively attractive or vigorous males may be more successful at obtaining copulations with more fecund females. Alternatively, relatively unattractive males may be selected to devote more time and energy to the courtship of more fecund females. Given these possibilities and given that females do vary tremendously in egg productivity (unpublished observations), the heritability of male reproductive success was also assessed.
Reproductive success is defined as the total number of eggs laid by all the females a male mated. Female fecundity Fecundity, number of eggs laid per lifetime, was recorded for each female that a male mated. After copulation, females remained in the carton into which they had been sequestered during copulation. They were provided a fresh pole bean every five days. A 2 cm-wide strip of white paper towel (Scott brand) was suspended from the carton lid as a surface for oviposition. The number of yolkbearing egg casings was recorded for each egg mass laid. Fecundity was determined for all females of 26 paternal and 28 filial generation males, including 22 father/son pairs.
Throughout, statement of statistical significance implies P<005.
RESULTS

Fecundity arid male copulatory success
The fecundity of females covaried with the success of their mates. In both the paternal (r = 038; t = 201; n=26) and filial (r=0.52; t=256; n=28) generations, the lifetime fecundity of the first female mated by a male was significantly positively correlated with the total number of females mated by the male ( fig. 1 ; The analysis is restricted to the first female mated to maintain an independence between data points that would be compromised if the analysis incorporated multiple mates of single males). Similarly, there is a significant positive correlation between the fecundity of the last female mated and the number of copulations achieved by the male (r=051; t=290; n=27; data for paternal generation only). If the average fecundity of mates is regressed on male copulatory success, the correlation is positive for both paternal (r=0.29; t= 133; P>005; n = 22) and filial generations (r = 074; t = 467; P < 005; n = 20).
In the paternal generation, the average fecundity of mates of successful males (4-6 females mated) and unsuccessful males (1-3 females mated) was, respectively, 8261 (SD=366.2; n = 39) and 5454 (SD=3853; n=34). In the filial generation, the average fecundity also differed between the mates of successful (728.2; SD = 3873; n = 57) and unsuccessful (441 4; SD =
U-3166; n =28) males. Mean fecundity decreased between paternal and filial generations.
Heritability of copulatory success Significant additive genetic variation for male copulatory success is present (r=0.36; t=238; n= 40; fig. 2 ). Heritability, estimated as twice the slope of the regression line between paternal and filial copulatory success, was 065.
There was a significant positive correlation between the size of males and their success for fathers (r=0.52; t=333; n=32; fig.3 
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Male Size (mm) Figure 3 Relationship between male copulatory success (attractiveness) and male size (width across humeral angles) for the paternal generation. There was a significant linear regression (regression line shown) between copulatory success and size. Small square = single observation, large square = double observation.
for their sons (r= -011; t=061; n=38; fig.4 ). ( fig. 7) and sons (fig. 8) Boake, 1985; Shaeffer et a!., 1984) . The present study suggests that male copulatory success is genetically inherited. Nongenetic paternal inheritance of copulatory success appears not to account for the correlation between paternal and filial copulatory success since neither egg quality (indexed by hatch rate) nor egg size (indexed by diameter) covaried with copulatory success. Male reproductive success was positively correlated with copulatory success and, thus, alsø exhibited apparent heritable variation. These results are consistent with observations that variation in male traits associated with mating success often has high heritability (Hedrick, 1988; Butlin and Hewitt, 1986; Carson, 1985; Carson and Lande, 1984; Endler, 1983; reviewed in Cade, 1984) . While episodes of strong directional selection on sexually selected traits could deplete genetic variation (Maynard Smith, 1985 , 1978 Partridge and Halliday, 1984) , additive genetic variation may be maintained by polygenic mutation (Lande, 1980a; Turelli, 1984) , fluctuating selection pressures (Felsenstein, 1976) , and countervailing selection on genetically correlated characters (Lande, 1980b; Arnold and Wade, 1984) . It is, however, possible that heritable variation expressed in the laboratory may not be expressed in the wild (McLain, 1987; Cade, 1984) . Additive genetic variation for mating and reproductive success may reflect an equilibrium between sexual and viability selection (Lande, 1981; Kirkpatrick, 1982; Lande and Arnold, 1985; Seger, 1985) . At equilibrium, heritabilities for sexually selected traits may be high (Wilkinson, 1987) . The parasitoid, Trichopoda pennipes (Diptera: Tachinidae), is attracted to southern green stinkbugs via a pheromone produced by males and to which both males and females respond (Harris and Todd, 1980; Todd, 1989) . Parasitization reduces viability and fecundity of bugs (Shahjahan, 1968) . Since male pheromones are a component of sexual attractiveness, more attractive males may suffer increased levels of infestation resulting in countervailing viability selection. For example, large males, which may be more attractive to females than small males, suffer greater levels of parasitization than small males (McLain, 1980 and .
Enhanced fecundity of females mating successful males may compensate for their own increased risk of parasitization during courtship and copulation with males that are themselves more attractive to parasitoids. The correlation between male mating success and female fecundity may be caused by courtship feeding (e.g., Gwynne, 1984 and . Stinkbugs produce both fertilizing and giant, nonfertilizing sperm (Schrader, 1960) , the latter of which may function as a nutritional source to females (Sivinsky, 1984; Kasule, 1988) .
Male attractiveness and the quantity, if any, of nutritional rewards to females might be correlated through male health, affected, perhaps, by levels of parasitization (e.g., Zuk, 1987 and Jaenike, 1988) . Less parasitized males may have more energy to allocate to pheromones and to courtship feeding. Females also may be selected to prefer less parasitized males to reduce their risk of contagion. Since females mated only once but produced batches of eggs approximately weekly for as long as 270 d, it is unlikely that male nutritional contributions could have had direct impact on a substantial proportion of female reproductive effort. However, large initial male contributions may have had long-term indirect benefits by reducing physiological stress on females when they were producing their first few clutches (Burley, 1988) .
Female preferences may be based on multiple criteria including genetic and nongenetic traits (e.g., Burley, 1981) . In the southern green stinkbug, courtship vigour, pheromone constituency and quantity, and song characteristics (Harris et a!., 1982) could all serve as a basis for female choice (reviewed in Todd, 1989) . These traits could be influenced by male size which depends on access to food during development (McLain, 1987) and may depend on the diversity and degree of infection during immature stages. Also, size might significantly impact the quantity of courtship feeding, selecting for female preference for large males even if differences in size are not genetically determined.
The results suggest that females receive both genetic (more sexually-competitive offspring) and nongenetic (enhanced fecundity) benefits from mating successful versus unsuccessful males. This could result because the genetic differences influencing copulatory success affect the provisioning of resources to females. Females may prefer copulating with males offering greater quantities of resources (Thornhill, 1980; Sakaluk and Smith, 1988) . Since selection on females to obtain genetic and nongenetic benefits from the same or different males will vary with the correlation at mating between genetic and nongenetic benefits (Borgia, 1979; Trivers, 1985) , the present results are important in demonstrating that the correlation can be positive.
